Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



%^ 



PAMPHLET BINDER 









• 



AND 



EXPERIMENTS 



ON DIFFERENT PARTS 



OF THE 



PROCESS OF BREWING; 



^y^' 



PiliSlClfDARLT, 



i» • 



ON THE CONTINtJED APPLICATION 



OF A 



BOILING HEAT 



DURING tBB 



OPERATION OF MASHING. 



OXFORD, 

Printed by Natiianiel Bliss, 

FOR R. BLiaS^ AND R, Bf^ISS^ JUN. 

w4ND SOLlI BY F. AND C. SIVINGTCXN } GADELL AND DAVIE8 ; 
W. HIILAR^ LONGMAN* KUBST* REES* & ORME> 
VERNOB, HOOD» & BHAB^E ; J. HARDING : 
AND MESSRS. BICHARDSONSy LONDON, 



1807. 



i:^-^.-// 



• 






LOAN STACK 



N 



\ 



I . 



N 



cfuiorci 



iir^^ 



PAMPHLET BINDER 






TfS70 



TO THE READER. 






So many Treatises on Brewing have been 
already published, and some of these enter 
so minutely 'into the detail of the process, 

that it would be supeffluous to add to their 

' • . ' 

number except w:ith the hope of adding 
aiso to the information they contain : whe- 
ther the remarks and statements made in 
the following pages are to be considered 
as of any interest, beyond what degree of 
novelty may belong to them, is left to the 
judgment of those who have more experi- 
ence than the Author ; and wrho can there- 
fore better form an opinion whether they 
are Ukely to lead to any practical improve- 
ment : the hope that they may possibly lead 
to such an*end is the best apology for pub- 
lishing them. 
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TH£.4pr)iicipal and oi^ essentially necesr 
taiy substances qinpjoyed in th§ cpinppar 
,tion of 3€er, or Malt liquoc i|i genial, a^ 
water, malt, and hops; and tl)e.;ultiii)»tt 
object of the Brewer is to combine with the 
iKrii^ as iikuch a» possible :of the saccharine 
iHtfi other ^luble matter of tiie npi^t, ^eiQf^ 
th^ witii the; better and aromatip pi^rticl^ 
4of ; tin?. 1h^. Hot water ^fiects tlj^ guiy 
p)8e jepons speedily, and .^ a greater exr 
Acnt* ^1^ cp}d ; and, nh^ tbus iippregr 
natcd inritb tl)e soluble ma^er, of. the mal|: 
^4 hopp, :^Qi^nMitates wh^t is caUied. Wort : 
iOi which t|te fstccharii^e niai;t«fy pq|^l«^y, 
j?ft|iden , tiiip mixture capaf)le of i'txffi^y^ 
1am i the )b^ter and w^nf^ paxticlfift^pger 
idpit that %i|ientatBon fropo^ prpoefji^U^ 



The process of Browittg is oomnKmljr 
conducted nearly in the fdlonring manner: 
in describing which a reference i$ princi- 
pally made to the brewing* of taUe beer 
from fresh malt ; that is, from malt whidi 
has not been ahready used for brewing ale. 
The quantity to be brewed may be taken 
as a barrel, or thirty^ix gdlon», from two 
bushels and a. half of malt; and the di-r 
mensions of the vessels, tec. may be sup- 
posed to correspond with <iiose used mm 
moderate frunily ; .the copper, for instance, 
holding thirty gallons/ * 

4 • 

A quantity of boiling water hemg poured 
into a Tcssel, caQed a Mash*Tun, is^ «u& 
fered to remain there till it has cocked to 
a temperature rarely if ever exceeding-ISO 
of Fahi*: the malt,^reviously broken m 
a mill so that each grain shall have tMHk 
divid^ into two or three parts, is ikim 
thrown ihto tife water; and, by meani' (^ 
an instram^rt' called ah Oar» is'starred^abbttt 
in, iand thorbuglily niixed with it : this n^ 
idiiatnieiEil agitation of the malt waA y^iKtf, 
^teclJBiically called Mfaushing, ii9-kep(r upl^ 
a}x>ut a quarter of an hour ; by wfaich-4bl 
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HiHi. Il^ ^0&Ty and a gFeat^r^ proportion of 
Hll .s^l}}e Ip9.tter extracted. After ihk the 
jilii^I^tmi;is covered over, ia order to retain 
^9ilr)itiftiidi ho^t as possilde^ and the whole i3 
8fi0ei9^ ^ i^maiii uudistw^d for smi hour 
/8od ha^j oitwf> 1k)vM^, At tljie w^ of ^it 
time, the water thus impregnated with the 
fjltrM^ed'ijpftrticlas'cif th^, malt (in wlvch 
-$tate: it k («oi!i@tknes called Sweet-Wort, 
SQiit^p^s ^mply Wort,) is drawn off into 
aApthj^rv0^. l%e quai^tity of watier VflOd 
in this first mashing is about twenty-five 
gaUons ; of which not above fifteen are-ob- 
tajhed, the rest being absorbed by the melt, 
If^^he-ex^eption of ,a small qiiontity car* 
lied off by efeaporation. 

' » I. '" r 

This fiwt wort being drawn off from the 
xoi^'^a fyiRsh portipn of hot water is thrown 
islo i^e jUjwMuh, at a t^paature vary- 
ing, 'aceordmg to the judgment of the 
dbresver, fiom 180 to 2J« of Fahr!: the 
pcocess of mashing is repeated during the 
^ce of t^ minutes ; and, the tun beii^ 
-B^Bki covered, -the whole is suffered to re-^ 
Ijtain ibr about an hour; at the end of 



^.^dHfaMB^A-k^M^ 



^$1^' ti^ a seitond wort lb AMMlk 4ft 
The quantity c^ water used ki Hlb s^oowi 
inashmg is aboWt ifteen galkMBU ;> and, liM 
Aidlt fakving alifeady retained as mttdi wa^ 

' r 

^r as is sufBc^ieht to satumte it, the wkjoi* 
amount of the "fifteen gallons is^ afterwiy^ 



*> •• 



^ A fresh quantity ^ hot utter/ abdd 
tTvdtne' gallons, is nbw added tb th6 nfiAlC; 
4nd the ihiktut-e, being mashed for a itm 
minutei^, is suibred to Temaiin in iSbfotoxxim 
half an hotir, or axi hour, or mof^^ in oldeK 
to form a third Vort. 

' 111 the mean tiriie "a jVart of the ON) -fifSt 
worts is poured into the <cbpp^» Witha^pbiiflit 
and half or two pound, of hops, and b,*rf 
for an hour, or ah Hour an<f Imlf : dror 
trhiTch it is strafftted- through a sieve i»ta 
another vessel: 'The tUSrd wtfit is mm 
drawn otf from the ' mash<^tu^ ; and, 'h^mg 
tnixed'^with the r^^Enaihihg patt of the ftnt 
and second, is boiled, foi* an Ifottf or au)f«i 
with the hops used iii th<8 fi>i«lift: ^instance. 

The' three irorts am tlMn diltt^ttted i«to 
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ili^ow teMek, called Cooters, and suffertii 
%cr T6mmk Mefe till they have nearly siink 
t6 the temperatute at which it may bt 
th^o^ right to promote fomentation: 
tiiey are then collected into one iresseb 
isatledr a Eermenting Vat ; and, by the ad^ 
^ttibn <^ abbat a quart «£ yeast, tliftt pco^ 
66^ is soon produoed, which conv^rti; tb* 
wifrt into b^r. ' , 



»*.»•■ ^ • > . i 



V IPh is short description cf the common 
method of brewing taUe beer will be Biiffit 
c^tforthe purpose of introducing the fol^ 
lowing remarks, whidi have a reference to 
particular parts of that jprocess ; and, int 
de£d> of the process of brewingan general 
Vfitiik respect then to the water employed 
m brewingi^ tliat which is sofk is by xxiBnf 
reoommehded in preference "to that wiiidi 
is* hard ; and as the^ solvent power of wa^ 
ter, as we& as its softness, is generally iii 
|>»opor1i6n to the degree of its purity, there 
MS0iikl be reas&n for that preference were 
extreme accuracy required ; but, when wd 
consider that hard water scarcely ever holds 
in solution more than what would amount to 
one thousandth part of its weight, and tl»t 
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iaindny cases a ^reat;pro|K>r^oii of .^a&b 
deposited during boUmg; siAiy irbeti «r 
«gain consider tiiat the wort e^i ffom 
which the strongest ak is to bepiodoeed 
might he stiU further imprecated with Oft 
sohihle matter of the malt and liops, there 
does not appear any; r^scmahte go^imd Jar 
<he pi^eferaice; or, if di«e is, k: does m^ 
hold good in practice. The just prefowwee 
which is given to soft water in another tscor 
nomical process, namely Weighing, aiijtd^ 
indjeed a plausible ground for a pretference 
in this. also: but the ol^ections tothe iite 
of hard water rest really on very.dWerent 
grounds in the different cases, £» tiiey wbo 
are at all acquainted; with the prindples of 
chemistry well know : it may be sufika^it 
fbr.the present to observe, that in tlie \ca3e 
of brewing the force of tlie i)l]9ection is hsh 
sened in proportion as the quantity dP wa* 
ter is increased ; while in the case of waa^ 
ing the force of the objection is increased 
in proportion to the increase in the quan^k^ 
tity of the water. i 

It may be considered therefore as of very 
little consequence whether rain, or river,, or 
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lR>d9r of tt:*&e;O0iBmo!i ton gwy thensr 
feie m ItUs occxmon is .-v0rj ci^pieesavc^ 
wineh s^jn, HiMt the t(>o great bo^t <>€ 4mi 
iMtttckwcsithepcMnBsoftheiiuiltv ' ; 

-: hr tiie pfocessof bfewing» cm e^feady d«f 
•eiiibed, it is seen &it t^ie fiiM "vrort being 
vithdtawn frraa the wait, aiteopwl m^..^ 
liiini Am obtaiiied ; and the reason of uMMiJir 
Vg ^«i& llunee 'sepaiate picur^mis pf w^t^ 
instead of \n^. the whole quantitj at ofxjci 
is p^y .because, in the hit^^cvuttfi p09^ 
{lortion of a ncher -vroit. would be .retaip^ 
1^ ^ ffami (so tiie masi is etdled w\»f^ 
lematns in the umshrtun after aU the vj^ 
has been dmwn off from it), which now is 
inore conij^tely washed out by t^ re- 
peated adcUtion of fresh water ; #i^.|ia^|l|y 
iMeause the wtoter its^f in 4ivid^ i^ofg^^ 
ties extracts inore Jibundantly th^ solp)^ 
|Nsurts ^f tibie nuUt* tbayft the sasqi^ ^WMiti|;j 
of rwster used at cnioe would be aUe.to 4^ 

* Tii£ proceas ^ iBStshin^, if cou4^cte4 
properlj^is »|ippoaed.tQ.e3i;^raat as imn^ 9i 
^ ^lekiiM^ ms^t^^ pan b^ 
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extracted with «iconomy : in tiie subsequent 
process of boffing fii€ wort iri& tHe hop* 
tw^ €adt are answer^; for at the s^dae 
time that the bitt^ ftnd preservative qua*- 
lity of the hops is united with the wort, the 
wort itself ig increased in A2«igA : that is, 
ltd l^k being reduced by evaporation, 
vriuch merely carries off ibt watery parti- 
cles, the ori^al quantity of saochaiin* 
matter &c. remains, diffused through « 
smaller space than it w^ before. 

1%e disMbistion of the w^t into cooUn^ 
After it h&s been boiled with tiie liops, i» 
•vidently for' the purpose of low«ittg' its 
temperature as qui^y as possi):^; and 
this is done not only to save time, but aba 
to prevent its growing -sour, which otjier-* 
 wise, especially in warm veatiier, would 
ofteti bappefi. For the same reasons also 
yeai»t is added ; the process of fermentadoa 
not absolutely dependmg on, but bsog 
very materially a^elerated by the addition 
of, that substance. 

.. Witli respect to the natum of fermenta^ 
c 
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tion itself, such observations a» have, oo^ 
curred in. the course of the Experiments 
hereafter descril^ed will be mentioned in the 
latter part of thb Treatise. 

• * 

.The faregxag account is, in a geni^^al 
view, aimUcaUe to the coimnon method of 
biewing malt liquor; in lefemng to which 
)t appears, that the reason of the difierent 
parts of the process is easily dedudble from 
a slight consideration of the joint properties 
of Mrater and heat. Since therefore it is 
evident that, in mashing, Hot water is used 
in preference to Cold^ because it more 
po^verfully and in a,sbcHter time extiacts 
the so^ubje part of the inalt ; and, that the 
reason for hmiting the degree of heat is 
only to prevent, the malt from being con* 
verted into a paste, which in a great mea« 
sure would . exclude ihe watqr from acting 
upon it; it appears £s4r in reasoning to 
suppose, that, if an increased heat could be 
applied without producing that (pffeot, the 
soluble part of the malt would be still more 
abundantly, oy at least jnore , quickly, ex- 
tf^cted : and it was the hope of answering 
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this end which 
to.tiie experim 
^nalt and vrhi 
point. For, ai 
of heat, betwet 
and t&at usig 
woiild extract 
of fhe malt, 
each particle in 
loosened in its 
rcAcJied this be 
peratuTB -would 
has when applii 
uns<^^ned md 
ported ih some 
after the firat i 
plying water ab 
very frequently 

Uris inferenc 
although it is 
of the pubUcati 
ing, it very prol 
persons ; and tl 
has^ perhaps, nc 
opposition to ge 
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iBty be, tii« 6Xt)0iment has iaUym 
in aa many as tirentj inBtannM ; ond, at the 
tHone time that this method of brewing piOit 
dupes a kiiid of beer altogether not inferior 
to that obtained by the common jhetiiod, 
Irom similar proportions of malt and hops, 
it possesses the additional adutentage of b^ 
ing attended with Bom^ less trouble and loss 
of tiine, and perhi^s some less expraqe.' 

it nelr femaina thteiefora to give ah ae- 
count of the Es^perimtents that were made 
for the purpose of ptoving the trath of 
the foregoing reasoning, accompanied with 
such remarks as seem applicable to the se^ 
vera] results. 

In public biieweries the intrinstc value 
of the wort, with respect to its saccharine 
(intents &c., 18 estimated by meana of an 
hydr<uneter ; whidb, by sAiewing the differ* 
enoe in specific gravity between the w6rt 
aiid fiimple wateff gives the ineans of tialcu^ 
kting the absolute wei^t <^f sacidjitarifhe 



matter, &cu oEmtsuned in any givea quan^ 
lity ef the fixrmer^ 
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.im iiisfiraineht i^ Hkik kin^' ww triced lb 
tbe preeent cxperiQieiits i l»t,iowin|f to 
some fault eith^ in itself or in the cot^ 
stmction of the table of caloilatiratt which 
accompwmibd it, it wa& ndt ^iinil sufBoumt- 
\y accurate ; and ther^ora it was iiicnight 
better to make a calmlatioti of the "propprr 
tion of solubte inatti^ extracted from a 
given quantity of malt and hops by taking 
the absolute w^ght of a given quantity of 
wort made fronji them. This, tiipugh not so 
scientific a method as the other, has^ frraa 
the nature of the apparatus, the advantage 
of bemg less liable to error. 



For tliis purpose a glass vessel was emr 
ployed (having a narrow cyUndrical lieck), 
whidi when perfectly dry weighed 1844 gr*. 
The balance by whsolii this vessel was weighed 
wciuld easily turn with half a grain when 
4000 grains wer^ in each scale ; and a fine 
line being drawn with a diamond round the 
cylindrical part, it might easily be filled 
with water to that mark severed times 
k^ sua:essiiHi, without the variation of a 
grain in the weight of the ccmtents. 



le 



That 4|iiaBtity of distilled irater» fin. 
; at 55 of FahiS wei^;bed •• . . tGOO 

The same quantity of water of the 
river Isis, at Oxford, weighed so . 
nearly the same at the same tem^ 
perature> that the difiereace could 
not be satisfactorily estimated^ 

The same quantity of pump-water of 
I Oxford, at the same temperature, 

. weighed • • . 2608 

. but after having been boiled for 
ten. minutes, .and then reduced 
to the original, .temperature, it 
weired • . 2600.5 

The difference in the wdight, between the 
fresh and the boiled water, is owing to the 
deposition of that earthy matter by which 
the inner siufaces of vessels, used for boiling 
such watear, are said to be furred ; and 
as in this state its weight is. to that of dis- 
tilled water as 2600 to 2600.5, the differ- 
ence is no more than -5550*^ part; which is 
too small to deserve notice. 
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In weighing then the above quantit j of ft 
wQrt it is clear that whatever was the 
^i^^ess above 2600 grains was due to a pai^ 
^the soluble matter tjtiat had been extracted 
from the malt and hops, with the difference 
already stated of jissth part ; and then the 
proportion in any other quantity of the 
same wort was easily found by calculation 
froni tlie following data. 

The cubic contents of an Eng- Cab. inch% 
lish wine pint are 28.875 

And the weight of an EngUsh 
. wine pint of distilled water, or*. 

, at 55 of Fahrf, i* . . • 7310.428125 

The cubic contents of an Eng- Cub. inch^ 
Ush beer pint are ..... . 35.5 



» • 



And tiie weight consequently, Gr». 
at 55 of FahrS is ... .8924.41875 

But, since 2600 : 1 :: 8924.41875 : 3.43246, 
it appears that for every grain which this 
quantity of a given wort weighed above 
S600 grains there is to be allowed as the 
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propditkMial iiM^rease 

In 4 pint of the same woit < . . 3.4S246 

iBag^on 27.4596& 

And in a band (86 gallons) . 988.54848 

From these date the foQowing table 
was constructed : in* which the colunm on 
the left hand marks the difference in ireight 
between a quantity of water weighing 2600 
grains, and the same quantity of a giyen 
wott^ the columns on the right hand shew 
the proportional increase in the gallon and 
barrel. That increase, multiplied by the 
number of gallons or barrels of wort ob- 
tained, shews the absolute weight of the 
soluble matter extracted from any given 
quantity of malt and hops ; which is all 
the brewer desires to learn from the Use 
of the common hydrometer, the place of 
which instmment was in the following ex- 
periments suppried by the apparatus ahea- 
dy described. 
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Table 



OP Titl£ 



.tPie^iu of Saccharin^ Mattery Sfc. ma GAitoif and Barrsi 
of a given Worty according to the Difference in Weight de- 
iween a Quantity of Water weighing 260D giKy and the 
tdme Quantity of that Wort. 



Increase in 

Weight of the 
" given quantity 
of Wort by 
Grains. 




Piwortiottal Increase ' 

in the Gallon and BABRti.. 

ealeulated 

by Avoird. Weight. 

Galloh. ' Babrii. 


OH. 


lb. 


Oz. 


Ot\ 


lb. 


Oi. 


Gr«. 


1 . 





0* 


97A5 





2 


113.54 


2 . 








54.90 





4 


227.08 


' 3 .' 








82.35 





6 


340.62 


4 . 








109.80 





9 


16.66 


6 . 








137.25 





11 


130.20 


6 . 








164.70 





13 


243.74 


r . 








192. 15 





15 


357.28 


8 . 








219.60 


1 


2 

• 


33.32 . 


9 . 








247.05 


1 


4 


146.86 


10 . 








274.50 


1 


6 


260.40 


80 . 





1 


111.50 


2 


13 


83.30 


30 . 





1 


385.00 


4 


3 


343.70 


40 . 





2 


223.00 


5 


10 


166.60 


50 . 





3 


59.00 


7 





427.00 


Co . 





3 


334.50 


8 


7 


249.90 


70 . 





4 


170.50 


9 


14 


72.80. 


80 . 





5 


6.50 


11 


4 


333.20 


90 . 





5 


282.00 ' 


12 


11 


156.10 


100 . 





6 


118.00 


14 


1 


416.00 


200 . 





12 


236.00 


28 


3 


394.50 
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In order to prevent a troublesome repe- 
tition of words, it may be* convenient here 
to observe, that, in conducting the follow- 
ing Eiperiments, the specific gravity of 
each w(Mt was taken at the temperature 
of between 55 and 60 of Fabi^ ; and the 
quantity was calculated at the same t&mr 
perature: for convenience also the speci- 
fic gravity of each wort will be signified 
by a reference to the munbers in the left 
hand coliunn of the foregoing table. Thus, 
if the sp. gr. of a wort is said to be 100, it 
is to be understood that a cjuantity of that 
wort equal in bulk to a quantity of wa- 
ter weighing 2600 gr^. exceeded the weight 
of that water by 100 gi*. ; wliich is in the 
proportion of 6oe. ilSgr*. to the gallon, 
and 141b. loz. 412,5gr*, to the barrel. 

- ^ Exp*. I. 

Sixteen gallons of river-water, together 
with a pound of hops, and |- of a bushd of 
malt ground smallef* than usual, were put 
into a copper, the qapadty of which was 
twenty gallons: the whole was gradually 
heated till it boiled, and after it had fe- 
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mained at the boiling point fdr half an hour 
it was strained through ^ hair sieve< 

Tbn^ ftp. gr. of this wort was 
, l6i. Thp quantity of it 

was 8 gallons. It therefore 

contained of saccharine mat- ^^* <>*• se- 



ller, &<Ji 
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The malt and hops were returned into 
|l^e copper: fourteen gallons of water being 
then added to them, the whole was made 
to boil^ icnd immediately after boiling vas 
stmnedi . 



The $p- gr.: of tfci? vort was 
50. The quantity of it was 
121 gl^UoQS. It tiierefore con*- 
tei»ed of sawharine wetter, 

Otv* • j» • •  • '^ ' • 

ft 

The malt and hops were now 
boiled a third time, and gave 
6 gallons of a,woi% i^e sp. 

. gr, of which wm 94,: that 
quantity coutaifted then^fore 



lb« OZ. gfB. 
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The {process was again repeated, 
and produced 6 gallons of 
a wort, the sp. gr. of which 
was 12 : the 6 gallons there- '*- «..«»• 
fore contained &c, t t t 4 225 

Thus the whole weight of soluWe 

matter extraoted was ,..85 196 

and the quantity used being 

1^ of a bushel, the proportion 

in the (][uarter, or 8 bushels, is 75 1 14 

Tha first and second worts being mixed 
togertier at the temp- of 82 pf Fahr^., a pint 
of yeast was added to them, and they were 
immediately put intp an 18 gallon barrelt - 

The fermentation of the liquor [HX)ceed9 
ed in the usual way for several days ; and 
the beer produced- was at the end of three 
weeks tolerably transparent^ and of a good 
taste, 

t 

Exp\ II, 

Fifteen gallons of pump-watef were gra* 
dually heated to the boiling point, with 9- 
pf a bu$hel of po^t ground down nearly to 
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the' state' of flour; arid the mixture was 
kept at the boiling heat during an Ijour and 
a half. 

 ' V 

The sp. gr. of the iSrst wort was 
164. The quantity of it was 
9 gallons. It contained there- !*>• oz. grs. 
fore of saccharine matter, &c. 5 12 248. 

The malt was again boiled with a fresh 
portion of water for an hour and a half. 

The sp. gr. of the second wort 
was 72. The quantity of it 
was 9 gallons. It therefore ^^* o^- «»• 
contained &c. . • . \ . 2 8 278 



Tlie sum of the soluble contents 
of the two worts is • . • 



« ^ 



8 5 80 



And the quantity of malt used 
being |^ of a bushel, the 
proportion in the quarter, or 
8 bushels, is . . . • . .74 14 359 

: The two worts being mixed, and the 

E '  . 



. _ ^. . .A * 
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wp. gr. of the niixture taken, which wa« 
118, they were boiled for three quarter^ of 
an hour with a pound of hops : enough 
boihng water was added to make up the 
quantity lost by evaporation, and the sp. gr* 
was again taken : it was now 118.5. 

A part of this wort, mixed at the temp. 

• of 88 with a pint of yeast, was poured 

immediately into a fifteen-gaOon bairel. 

Fermentation proceeded in the usual man- 
ner, and at the end of the third day the 
sp. gr. of this beer was 44. 

At the end Of the dghte^nth day the sp. gr. 
was 54. 

On the twehty-foiirth day the sp. gr. was 
only 29 : the beer was very transparent, 
dark coloured, and of a good taste. 

Exp*, hi. 
fifteen gailont of river-water were boiled 



\ 
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for four hours with a pOuhd of hops and 
•f^ of a bushel of malt, as finely ground as in 
the last Jixp'. 

The ^p. gr. of the first wort was 
200. The quantity of it was 
6 gallons. It contained there- ib. oz. fgn. 
fore &a ....... 4 11 103 



The malt and hops were agaiii boiled with 
pump-water for two hours. 

The sp. gf. of the second wort 
was 103. The quantity was 
7 gallons. It contained there- ^^* ^*- v^- 
fore&c. ....... 2 13 90 



Four gallons of cold water were now 
poured upon the malt and hops ; and hav- 
ing been mashed with them for ten minutes 
were inunediately strained off. 



The sp. gr. of this third wort 
was 67. The quantity was 4 
gallons. It contained there- 
fore &c. ...... : 



lb.. d2. ffrt. 

1 356 



28 

' The quantity Extracted from ^ 

of a bushel of malt in this '^* <»• F»- 
instance amounted to . . 8 9 HI 

The proportion therefore in the 

quarter, or 8 bushels, is . 77 3 124 

The sp. gr. of the three worts mixed toge- 
ther was 129. A pint of yeast was added to 
the mixture ? which at the temp, of 82 was 
poured into a fifteen-gallon barrel. Fer- 
mentation proceeded moderately; and on 
the twentieth day the sp. gr. was 35. 

I ' ^ 

Exp*. IV. 

Sixteen gallons of pump-water were boiU 
ed for an hpur and half with a pound of 
, hops and -9 of a bushel of malt, finely ground ; 

and the mixture was constantly stirred toge- 
ther during the whole of the time. 

i The sp. gr. of the first wort was 

150. The quantity was 9 gal- 
lons. It contained therefore ^^' ^' «"• 
&:c. 5 4 280 
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Th^ malt and hops were again boiled and* 
stirred together during two hours. 

•  

The sp. gr. of the second wort was 
65. The quantity was 9 gal- 
: Ions. It contained therefore ^^- ox. gw. 
&c. ...24 308 

The sum of the soluble contents 

of the two worts is .••79 151 

r 

\ 

And the quantity of msilt used 
. being -f of a bushel, the 
i proportion in the quartet, or 
8 bushels, is ..... 68 4 46 

Tlie sp. gr. of the mixture of the two 
worts lyas 108; to which at the temp, of 
80 a pint of yeast being added, the fer- 
mentation was carried on in an open tub : 
and at the end of ten hours the beer was 
put into a fifteen-gallon barrel : at the end of 
sixty hours from the addition of the yeast 
the sp. gr. was 40. 



so 



Exp*, v. 

Fifteen gallons of pumpwater were boil- 
ed with 1^ of a bushel of malt finely ground, 
and tlareeL quarters pf a poupd of hops» for 
two hours ; and the mixture was constantly 
stirred during the whole of the tbie. 

The sp. gr, of the first wort was 
160. The quantity of it was 6 
gallons. It contained there* to- •*• §*• 
fore&c. ....... 3 12 90 

« • • • • 

Tlie malt and hops were again boiled &c. 
with fresh "water for two hours. 

The sp. g^. of the second wort 
was 100. The quantity was 
10 gallons. It contained *^- ^^' S"*- 
therefore &c 3 14 305 

The quantity extracted from -| 

of a bushel in this instance ^^- ^- ^^ 
weighed 7 10 395 



' w «■ • V r v» 
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The proportioii therefore in the ^' <"' s"* 
quftrter» or 8 bushels, is . . $9 2 55 



Exp*. VI. 

gallons of river-water were boiled 
for two hours with a pound of hops and 
jT of a bushel of malt, ground in the 
common mamier, and the mixture was con* 
stantlj stirred duiing tl» whole of the 
tim€. 



The sp. gr. of tibe first wort wm 
148. The quantity was 8 
galkms. It conUined ther^^ 



ibie &c« • 



« • 



•  



lb. oc« gn. 
4 10 109 



The malt and hops wece agidn boiled 
&c. widi a fiesh poitioii of water for two 
houis. 



_ # 

The sp. gr. of the second wont 
was 65. The quantity was T 
gallons. It contained there* ^k. o^. ^. 
fore &d ..../• . . .1 12 239 



32 





The quantity extracted in this 



frcHn 



of malt weighed 



6 6 349 



The proportion therefore in the 

quarter, or 8 bushels, is • 57 13 78 



Exp*. VII. 

Fifteen gallons pf water were boiled for 
three hours, and stirred at the same time, with 
9- of a bushel of malt ground in the usual 
manner: six gallons of cold water were then 
added and the whole was made to boil &c. 
for two hours. Six gallons of wort were then 
strained off, .and nine gallons of cold water 
were added to the malt and hops: these 
were mashed together for half an hour, 
and then strained into the former six gal- 
lons. 



The sp. gr. of this wort was 98. 
The quantity thus obtained 
was 16 gallons. It contained, ^b- ^- «"• 
therefore. &c 6 2 150 



«^ 9 V« 
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And this being the quantity ex- 
tracted from -J of a bushel, 
the proportion in the quarter, i^* <«• «"• 

or 8 bushels, is •. * • .55 5 37 

-* 

A pint of yeast was' added to these six- 
teen gallons, at the tenip. of 78, in ah 
open tub; and at the end of twenty-four 
hours the beer was put into a fifteen-gallon 

 

balrel. At the end of seventeen days its sp. 
gr, was 43, and it was tolerably transparent. 



Exp*, viir. 



Fifteen gallons of water were boiled, and 
constantly stirred for an hour, with 9- of a 
bushel of malt, ground in the common man- 
ner, and three quarters of a jpouhd of hops. 
The whole was then thrown into a mash-tun, 
and six gallons of wort were drawn off and 
xetumied into the copper: ten gallons 6£ 
cold water were then added to the malt and 
hops, and being mashed with theni for 
ten minutes were drawn off and added to 
the six gallons in the copper: these sixteen 



4* 

gallons were xtiad^ to bpj)« i»td y^ t^ mi^V^ 
time seven gpJJons of opld v^tef wier? 94^ed 
to the mplt and hops afid mashied irith tf^em 
for aji hf»iir ; after which th^ weee d^i^wn 

• • • • 

off and added to the quantity contained in 
the copper; w)4ch W9» ni^fie to poU during 
$))i^ hoiirs japd a h^ 

TRbe *p. gr. of this wort wjw UQ- 
Xbe quantity W9S 15 f gallops^ *• ^- «**• 

It thcpeft>tp f opfoinf d i&c, •' ^ ^ 3^ 
which being the quantity ex- 
tracted from I of a bushel, 
the proportion iqi |;he q^ifuler, 
or 8 bushels, is 60 2 64 

. 4 pint f^ ^e^ wj^ »44isd to i^ vmt 
9t th^ t^^p. of i83> |J»e t«;mfi. jpf t^ ^ur- 
i:(MiAdisg. f^t^»p9pliei^ b^ii^g 4»^; and. thi^ 
hp^T^ j|&em<ai»l$ ^^;a)^^99 a^ra^ gRWg ^ 
v/ef7 ;^qij^lj^ Thijs 1^ it^ p^^ ipl© 

"^ -^f |he j^pt : »t the ^^ ^ 4fiy? it 

<^# if» «>r ff' W^ SO: M ^ ft)H} ftf *igbf 
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fii^^ it, 

Fifteen galfoiiS dl" wdief wef6 boiledl ahd 
constantlj stiffM fdt dn hout afid half, 
with I of a biishd of fhalt gtouhd iri tie 
cobonton ibalin^r, 'and tht^ quaitdfs Of a 
pound of hops : the whole was then thrown 
iht6 a ffiasti-ttlfi, ^hd th6 i^6irt t^as didim 
6^. - '. 



•Thfe Sp.gr. Of* this \tf6ft was 152. 
1*he Quantity t^as g gallon^. *•• *fe- 
It coiStalned th&efdW ifed. . ^ 5 337 



Thistfort beiiig f etuWied int6 the eopp^, 
a fresh quantity of cold water was mashed 
with the maJt and hop, for about ten mi- 
mites : a second wort consisting of nine gal* 
Ions was then drawn off, and added to that 
in the copper : in the sanie manner a third 
wort Wa§ obtained amounting t6 thr66 gal- 
lons, #lidfcli was added to thfe tWo lirst W'brts; 
and the Tf hble wSs boiled together f6f tt^o 
hours. 



n 



. 1 



36 



The sp. gr. of the wort thus ob- 
tained was 108. The quan- 
tity of it was 15, gallons. It ^^' ob« «"• 
contained therefore &c. ..65 251 
, which being the quantity 
extracted .from -| of a bushel, 
the proportion in the quar- 
ter, or 8 bushels, is ... 57 2 71 

A pint of yeast was added to this wort 
at the temp, of 90 ; and within two hours 
it was fermenting rapidly and favourably : 
the temp, of the surrounding air at the same 
time was 40. Fermentatiou proceeded in 
the usual manner and at the end of ten 
days the sp. gr. of this beer was 48 ; and it 
was as transparent as beer is usually. 



Exp*. X. 

fifty gallons of purtip-water were boiled 
&o. for an hour, with four bushels of malt 
ground in the conunon manner, and three 
pounds of hop9. 
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The sp. gr. of the first wort was 
188. The quantity was 26 
gallons. It contained there- 
fote &c 



tbm oz. grs* 

19 fi 195 



Thirty^ix gallons of cold water were now 
added to the malt and hops in the copper, 
and the whole was made to boil &c., and 
then strained off. 



The sp. gr. of the second wort 
was 86. The quantity was 
36 gallons. It contained 
therefore &c. . . . . . 



lb. 01. gn* 
12 2 S8 



Six gallons of cold water were thrown on 
the malt and hops in the copper ; the whole 
was mashed together for ten minutes, and 
a third wort was then drawn off. 



The sp. gr. of this third wort 
was 30. The quantity wag 9 
gallons. It contained there- 
fore &c 

Ihe quantity extracted in this 
instance from four bushels 
weighed 



ii>. oz. grs. 
1 402 



33 5 197 



- ••- 



# 



5d 

The proportifift ihmfdf€ in ili« »«»#«. 
quarter, or ft \Mhe\iy H . . ^ 1<J JJ94 

t 

Thft 9|^i gr. gf the nuxture of tbfellifee 
worts was 115; three pints of yeast were 
added to it at the temp, of ^5y thb temp. 
6f the surrounding air iyeing 60. t)uring 
fermentation there was a very violent eflfer- 
vescence in the liquor, but the bubbles, 
which rose in g^t uumbersi were not ac^ 
companied with that white tenacious froth 
which is generally present ; and the tdmp. 
«f' the liquor remained sensibly Above that of 
the surrounding air for forty-eight hours; the 
Utt dt thfe «anie tifiig bfeihg Htj thicK : at 
the feftd 6f riild^ty^iX hctefti the appc*mii6fe 
of the ifertlifentatioifi h&ihm^ mofe filVdU^ 
able ; the tettipfewtUW of the bew suttk td 
that of the surrounding air ; and the liquor 
itself became somewhat clearer* 

At tiiid tim^ itk sp. gh #^ 44. 



In the three following instatices the pfd- 
cess of brewing was ciarried on in the coin- 
m6n inanner^ and in the two first of them 
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by peraoM n^iWIWWWftr w i^ jbl^ of 
brewing. 

Exp*. XI. 



In this process the operation of mashing 
was applied three times to twenty bushels 
of malt ground in the usual manner. 

The capacity of the copper was four bar- 

r^s (144 g9%»-) 

* 

^^ sp. ^. pf tbe first wofjt wa§ 1^^ 

of tlie second * . • 120 
of the third ... 54 

. f^ qf t^ ftrgi; aP4 m(m^ mi^ «!tere 
feoW Tf^ tep pwn4? <^ li^W: aftff 
which tl^? ih?#fl wert 9P4 |hs ,?SWi»i9g 
part of the first and second were boiled 
wi|j^ :(he s^ne ^ops. 

liie whole proeess ecdi^ied fifteen hours. 

The sp. gr. of the mixture of the 

(f^8 g#)|ts> -U «opi!8*eed 4^ »' m, 

therefore &g 4^ 9 119 



40 



which being the quantity ex- 
tracted from 20 bushels, the 
proportion in the quarter, or ^* ««. gr». 
8 bushels, is 61 46 



Exp^ XII. 

In this process the operation of mashing 
was applied three times to twenty-eight 
bushels of malt ground in the usual ^an- 
nen 

- » . . • 

Two coppers were employed : the capa- 
city of One was nine barrels (324 gallons) ; 

of the other, five barrels (180 gallons). 

« 

The sp. gr. of the first wort was . 220 

of the second . . . 118 
of the third ... 50 

Part of the first and second worts was 
boiled with twenty-one pounds of hops: 
the third wort and the remaining part of 
the first and second were then boiled with 
the same hops. - 
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The whde process occupied sixteefl 
hours. 



. The sp, gr« of the mixture .of the three 
worts, after having been boiled with the 
hops, was 117. 

The quantity Was 12 barrels 

(432 gallons). It contained ^^- <>«. gn. 
therefore &a ..... 198 4 154 
^ which being the amount of the 
quantity obtained from 28 
bushels, the proportion in the 
quarter, or 8 bushels, is . 56 10 169 

At the end of ninet3'^-six hours the sp. gr. 
of this beer was 51. 



Exp'. XIII. 



, Twelve gallons of water, at the temp.. of 
170, were mashed for ten minutes with 
9- of a bushel of malt : at the end of an 
hoiu: and a half the wort^was drawn off. , 



4t 



154. The quantity of it ivas 6 

gallons. It contained there- ib. os. gn. 

foie&o. ...;•.. 3 9 4b8 

^ r 

' ; *• 

Eight gallons of water, ,at the teoijpw ol 
170, were then added to the malt in the 
mash-tun, and were imaahed witk it |br tea' 
minutes : at the eiict of tw^ve kqui^ ^e 
wort walk drawn off, and was at tiwt time 
of the temp. eS lOa 

The sp. gr. of <M» m»t wa^ 1^ 

The quantity wafk 6 gaflons. % ^ W^ 
It contained therefore &c. . 2 5 270 

A third wort, the sp. gr. of 
which was 50, consisted of 
4 gallons, and contained &q. 12 236 

The quantity in this case ex- 
tracted from 9 of a bushel of 
malt was .... . . . & It 39 

r 

The proportion i^^efisvfr in the 

quarter, op&bu^ieb^ is . QO tSk 3&t 
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THE account of thtt t&ttgs^ eip^n- 
mintM has bedn collected tr(kn notMit %h^ 
yrtie aecnrateily takefi during the s^vfiftd 
|todGes*«. Many more t%p&Atixmu l^v4 
beed itmde on the |>l£iin of the ^nt t^n^ dud 
ap|>areiitly with shmltii Avicees^i but, as thd 
inastagetiaent of tHem i^9s committed irl 
a great measure to thtt caFd 0f 0^1^, thd 
similarity of tfao rescilts can only bd inf^^lrred 
ih a geAenral tf'ay. 



. In caJculatmg the i^tiaiitity tif the ieV^- 
td^ wortd v«fy aMf)^ altoiraneift 1r^ mad^ 
for the effect of expansion as depending 
Oil temperature, and great care y^ses taken 
in l*reigW»g tli«itf ; ^d that the results hgre 
given are ciertaiirfy not . above what they 
ought to be: and in each of Isks experi^ 
ments, exce'pt tlief efevetoth and tireMh, 
b^th thei quantity 6t the ihalt mad6 use of 
and of the wort obtained was measured by 
single gallons. 1a aU the iak^latioA* also, 



also, as well of the* table as of the several 

experiments, the same care was taken to 

lessen rather than increase the estimates; 

thou^ it is believed that the error thus oc- 

caaoneci does not amount in any instance 

to more than a few grains. In all those in^ 

stances where -9 of a bushel are stated to 

have been used, it was originally intended 

to use a bushel: the intention failed from 

not having considered the difference in the 

space occupied by equal weights of groimd 

and whole malt In order to ascertain th6 

(legree of tliis difference a Winchester bushd 

was exactly filled witli whole malt, which 

was then put into a mill and ground in the 

usual mp^nner: it was received in a sadk 

placed under the mill, And afterwards mea- 

* The calculatioDf of the ta^e were made on the snpposi. 
tion (as has been already stated) that the beer.pint of distilled 
water weighs at 55 of Fahr*. 8924.41 875 grs; which number is 
assumed from a statement, made on the authority of the late 
Professor Robinson of Edinburgh, that a cubic inch of dis. 
tilled water wdghs, at 55 of Fahrt., 255.175 grs,; wherdbre, 
as the capacity of the beer.pint is 35.25 cub. in., its weight 
will be (253.175 x 35.25) 8924.41875 grs. Yid. Kerr'* 
Translation of Lavoisier's Elements of Chemistry. Edinb. 
1790) 9yo, 3rd edit. Append, p* 5SJ5^ 
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yured ; bttt insteaid' of ikieasiiiing S gali^ 
Ions it measured 9^^ allowing therefore for 
the ' occasional difference in the size of the 
particles of different parcels of ground 
maJt, as resulting from the use of dif- 
ferent mills, the increase in the bulk may 
be -taken generally as at least |. Nine gal- 
lons of inaJt therefore ground in the ccrni* 
mon manner are equal to eight gallons, or a ' 
Winchester bushel, of whole malt ; and as 
in the foregoing instances only eight gallons 
of the ground malt .were used^ the real 
quantity of malt was 9-of a bushel. When 
malt is very finely ground the difference is 
not quite so much : this difference was esti-^ 
mated from a comparison of the different 
weights of equal measures. 



A gallon of malt ground in the * '^* ©«• g«- 
usual manner weighs . . 4 8 0^ 

A gallon of finely ground malt 

weighs . . i . . . . 4 11 260 

The weight of 8 gallons of the ^ 

former is . . . . . . . 36 O 



« I 



V 



The trei|^ &e. of tltt Urttirii "Sf 12 saO 

: A6d iiiice 37 Id S30 : 56 :: 1 :0.05UdSf 
it loUows that the resillt o( each ezpetimeftt 
in which the -Imelj ground rntUt sras aaed 
sniat be diminished in tlm pioportidii of 
I io 0.^245% The resuliuherdbie of th0 
five first experioBentSy i^hen thii» corrected, 
.viUbe 



Exp., t. . 


. n 7 405 


Bx>. ir. , 


. 71 ^ S59 


£xp. III. 


. 73 8 240 


Exp. IV. . 


. 65 78 


Exp. v. , 


. 6S 13 233 



The reason of using the malt so Askskj 
ground arose from the observation that in 
the common mode of gnndiDgnia»y grains 
Qscape unbroken ; aj^l it was found, bj an 
experiment made for the purpose, that the 
water scarcely actsr on these. The sMtirnifg 
/qS the malt and hops with the wafet,* first 
mentioned in the foiuth Experiment, was 
found necessary to* prevent the m^i ftodl 
burning to the bottom of the. c^xper : this 
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qtMtttiMi incMttses the ti<diible «if tlte ptoi 
cess; but, where the^ malt is not fineljr 
groundii it perhaps facilitates the extractikm 
of th& saccharine matiter. 

« 

In reviewing the foregoing experiments 
it will be seen that the average of the five 
first, after the correction made in pag. 46, is 
691b 7oz. 88grs.; and that in these in- 
stances finely ground malt was used, and 
ttie bcftling heat was applied twice at 
leasr* 

> 

In the $v« iiext Expeiimieiits the average 
is d9lbi 1^!^^. In tiies« eKpemieftts 
maJt ground ki^ HiQ usual manner* wwr 
emph^yed 7 m thife qui c^ the five indeed! 
the ItoiliBg heat was only Hippliod once ; 
which ciKumstance may l>& 6iip|X)86d ia 
ka^e-coi^tFibuted tow^trdrfessQiung^ the avcM 
page; but in the two* instsuicos where &e 
boiling heat was c^Hed twio^ the lesuitv 
are not nearly so great as the avemge o§ 
the i?esulfe5 in the first five: so ftafe the 
diminution appei^rs to depeoA mere Of^ 
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the state ' of dite malt than on th^ degrae of 
heat applied. 

In the three last Experiments *^» ^z. grs. 
the average is 59 7 334 



. FROM the second Experiment it appears^ 
tliat tlie addition of the soluble matter ex- 
tracted from the hops is too trifling to deserve 
notice ; for a wort, previously impregnated 
with tibe saccharine matter &c. of the malt, 
was only increased in sp. gr.^after having been 
boiled with the usual proportion of h(^ for 
three quarters of an hour, from 118 to 
118.5 : and in another instance, in which a 
pound ' of hops was boiled for two hours 
with fifteen gallons of water, the sp^. gr. of 
the water was only increased from 0.5 to 2, 
or about 3 ounces, in the barrel : but, were 
the incttgase greater, it would be of no sig- 
nification ; since in the conmion mode of 



n 
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^ftthnatmg the spedfic gravity of wortd» the 
estimate is talcen sifter the additioil <>f th# 
soluble matter of the hops. 

It appears, frohi the first, third, ninth, 
and thirteenth experiments, that a third 
boiling, oi: evfen simple niashing, extracts an 
additional quantity of saccharine matter 
sufficient materially to affect the results : 
whercf61:6 the quantity obtained in the Se- 
cond, fourth, fifth, sixth,' and sevienth expe- 
riments would have been increased had the 
operation of boiling or mashing b6en used a 
third timei as it,wa» in the othef ei- 
periments: so that the average given in 
either instance is to be considered as less 
than it ttiight have been.. But as the highest 
average here given is below what profes- 
sional persons have sometimes stated as the 
average quantity of saccharine matter &c, 
to be expected from a quarter of malt, it 
may be satisfactory to produce a statement 
on this part of the subject from bettef au- 
thority: the following is copied from a \ 
* Pubhcation, by a gentleman of the n^me j 
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of Richandson, entitled *^ The Philosopldcal 
Principles of the Science of Brewing/^ 



Malt from the Barley of 1781 



 


Coloiir. 


Chancter. 


1 

3 
4 
5 
6 


Pale. 

Ditto. 

Ditto. 

Ditto. 

Brown. 

jDitto. 


Well made. 

Indiiferent. 

Well made. 

Ditto. 

Ditto. 

Dittos 



Growth of Baxfej. 

North Lincolnsh. 

Ditto. 

Norfolk. 

rorkshireWoalds. 

Ditto. 

Ware, in Herts. 



of TennentBUa 

89 Pounds. 
75 Ditto. . 
n Dittos 
82 Ditto. 
78 Dittos 
50Ditto« 



Malt from the Barley of 1732, 



Vm. ] 


Colour* 


ChtTicter. 


1 


Pale. 


Well made. 


3 


Ditto. 


Ditto. ' 


3 


Ditto. 


Ditto. 


4 


Ditto. 


Indifereat. 


5 


BrowB. 


Wellmsde. 



Ckowth ef Btflif . 
TorkshireWottUs. 

Bremen. 

Norfolk. 

Ditto. 

Ware, ia Herti . 



Avcfige Prodace* 
02 Pounds. 
68 Ditto. 
67 Ditto, 
56 Ditto. 
54 Ditto. 



Malt frtim the Baiiey'of 1783< 



Ko. 


Colour. 


Character, 


1 


Pale. 


Well made. 


2 


Ditto. 


IMtto. 


i 


IKtto. 


fodiSerent. 


4 


Ditto. 


Well made. 


5 


Brown. 


Ditta 



Groirth of Barky. 

Nortk lincoloah. 
Berw*^. on Tweed. 
YorksUreWoolds. 
Ditto. 
lOltto. 



ATerage Prodoceb 

74 Pounds. . 
63 Ditto. 

6^ Ditto. 

75 Ditto. 
72 



By this statement it appears that the 
value of malt may be Tcry different in dif- 
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faeixt yeean ; for of the exaikiples hem 
produced 

lb. oe. gtu' 

tlieaveiBge for the year 178 lis 74 2 245 

1782 59 6 175 

1783 69,12 350 

/  

It IS probable therefore, and it is believed 
Indeed to be the case, that the malt of the 
present year is below the general average 
value wth respect to the proportion of its 
saccharine contents. Should there ho\^5r 
evCT have been any error in the preceding 
mode of calculation, which from its simpli- 
city is not likely, it cannot affect^ the com- 
parative value of the estimates; because 
the same mode of calculation was adopted 
in all the instances. 

» 

4 

Upon the whole therefore it appears, 
that the continued application of a boiling 
heat to the malt certainly occasions, no loss 
with respect to the quantity of saccharine 
matter extracted ; and that the u&e of finely 
ground malt, instead of that wliich has 
- been ground in the usual manner, gives a 
4CP(isiderable additional profit But the adr 
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Yantago of the ^mfethod of Bnmog Here 
Recommended is more evident ivhen thq 
consequent saving of time and labour is 
considered ; in order to estimate whidi faii^ 
fyj 'it will be necessary to enter into a mdre 
detailed comparison of the sever^ stages of 
the coiftmoQ process, and of that recom- 
mended in this Treatise. 

In the instances of the eleventh and 
twelfth experiments it is seen, that the 
time occupied in brewing eight barrels 
(the capacity of the copper being four 
barrels) was fifteeti hours; and the time 
occupied in brewing twdve barrels (the 
joint capacity of the two coppers being four- 
teen barrels^ was sixteen hours : but though 
the processes 'were here conducted by per- 
sons profesinonally in the habit of brewing, 
and the whole apparatus was as well adapted 
to the purpose as in a public brewery, yet 
as profit was not the object of those at 
'whose expense the processes were carried 
on, and therefore the saving of time wis not 
6f much consequiertce, it miglit be consider* 
ed hardly fair to use those instances a* 
examples in the foUowing comparisons it i« 






presumefl kowever, im^ta. the natmi? of ^ 
procesiB iteell^ that even ia a puMic l^ewtry 
ihe proportion of time occupied ^imot be 
¥ery different from that mentioned in the 
first tif tbfifKS iostaJQces ; snd that m this casd 
if the capacity of the copper were eight bar- 
1^/ and it were intended to brew sixteen: 
barrds of beer, the time necessary fot the 
jprocess would be sixteen hours* 

Suppose then with a copper of the same 
size the same quantity of beer was to be 
brewed by the method here recommended, 
the several parts of the process with respect^ 
to the time occupied would be as follows : 

hours* 

Filling and boiling the copper • • . 1^ 
Boiling the first wort . • . . ^ . 0^ 
Drawing off the first wort • • • . Qi 
Again filhng and boiling the copper . *0| 

Boiling the second wort 1 

JDrawing off the second wort • • • ^ 



* It would scarcely be so much ; because it has b^n found 
by obferration that the heat of the malt in the copper raises 
the temp. <]f th^ coM water to 160* 
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Mashing intb afew gaUons of cold 

\ water for five mmutesy and thea . 

.. drawing off the third wort « • * ^ 0| 

Quantity of wort obtained eight barrels* 

Allowing for the removal of the hQun. 
. malt and hops fix)m the copper « 0^ 

Repeating the former process •^ « » ^ 

i 

Quantity of wort obtained 8 barrds^ 

By the above two processes, sixteen bar- 
rels of wort may be obtained in 9^ hours ; 
which is not much more than half the tino^ 
supposed to be employed in a pubUc 
brewery in obtaining the same quantity: 
and the expense of and the room occupied 
by a mash-tunr are saved. 

• * 

It remains to make a comparison of the 
number of separate operations in the two 
processes. 

,, In the common process the following are 
the operations necessarily employed. 
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Transfefring the malt from the sack to 
'the mash-tim ..«.%....! 

Pilling and boiling the copper • . . ^ 

Transferring the hot water from the 
copper to the mash-tun , . . • 3 

Mashing; and then transferring the 
first wort from the mash-«tun « • .^^ 4 

Again fiUlng' add boiling the copper . 5 

Again transferruig the hot water to the 

. mash-tun 5 

Mashing ; and then transferring the se* 
cond wort fh>m the mash-tun . , . 7 

Transferritig water to the mash-tun for 
the third mashing «»«««. 8 

Masl^ing; and then transferring the 

third wort from the masb-tun. • • 9 

• • • - •  . 

Transferring to the copper, and boiling 
together with the hops^ a part of 
the first and second worts . • • 10 

Ti;ansferring the wort thus boiled to 
the cooler ••.«•••« 11 



Tramfevtk^ &b. Aod boilii^'tfae thini • * 
' ^oit aqd remaioing p»rt «f tike first 
and second . . l:^ 

'Transferrihg the wort tJius bbOed to ' '^ 
the cooler' . . ^ . . . . ^ 1$ 

In the pTodess recommended in tliis Trtor* 
tise t)ie .nec68S£U*y operations^ are ... 

transferring the malt and hof)* to the 
copper ••••«••••• 1 

Filling and boiling the copper . . • 2 

Drawing off the first wort into the 
cooler ".'.'.' r ••*.,.• 3 

Agaiif f^hg and bcHUtig the copper \ 4 

i)r£twing t)ff the second wort itito thfe 
cooler .......... 5 

Adding a sinall proportion of cold * 
water, and mashing for five minutes • 6 

Drawing off the third wort iiito the 
cooler 7 

So that the proportion of time and of 
labour saved, by adopting the latter procfess, 
is very nearly one half: the additional profit 
arising from the use of finely grcmnd malt 
& common to- both.* . • 



sz 



' Hming ;^t$d ' ik(^m advantages it i» fair . 
to add fthat the plao^ i» perhaps more calcu-- 
Jklted for domestic tbaA for public Brewr 
ii^ ; at least it would i^ec^ire the e^peii* 
cnce of those who are coDveraa;nt with the 
subject to make it practicable on a large 
scale. The objection to its application on 
$uch a scale depends in some measure on 
the space occupied bj the malt and bops : 
on which account, and also on account of 
the p«.portion of water retained by the 
inalt, there cannot be drawn oflf from the 
copper more than, indeed not quite so 
much a^s, half the quantity of its capa* 
fcity. Tims from a copper capaUe of 
holding two barrels (sev«ity-two gallon^ 
since five bushels of malt and I^lb of hops 
w^uld occupy the space of about twenty gal- 
lons of water, and each bushel would retain 
^bout four gallons, not more than thirty-two 
^lloi^s would be recovered after each boiling. 
In hrewiijg table beef this objection is not 
pf piuch fomep because tjie proportion of 
.jnalt usad is comparatively small : a stronger 
jobj^ction arises from iho difficulty of keeping 
^ very large tipass of malt in agitation during 
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die process of heating and boiling the water ; 
though even this probably might be sur- 
mounted by adapting to the copper the 
apparatus which in large brewraies i* a- 
dapted to the mash-tun. 

It has already been stated that the beer 
produced by the preceding method of brew- 
ing is altogether not inferior to that which 
has been brewed in the common way. Of 
transparency and taste, the senses are suf- 
ficiently accurate judges ; of its strengtii, or 
the quantity of spirit of wine contained in 
it, a tolerably correct estimate may be 
formed by comparing the specific gravities 

before and after fermentation. 

*  '  '- ' 

In the publication above refi^red to, the 
Author says (p. 187.), he has never known 
the sp. gr. of malt liquor reduced m6re than 
in the proportion of -^ of the sp. gr. of the 
wort from which it was made ; in general 
not more than in the proportion of f ; and 
sometimes scarcely more than ^. There ap- 
pears reason to conclude from another part 
of the same publication, that the reduction. 
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^ is usually somewhat short of |-: for in p. 381. 
thefe is this expression, " observing that a 
** wort of 30 lb per barrel was frequently 
** attenuated to lOlb f which seems to im- 
ply that tlie reduction was generally not 
so much as two thirds. These data will 
enable the reader to judge of the effect of 
fermentation, as to this point, in the fore- 
going ext)eriments. i 

In the second experiment the 
sp. gr. was reduced from 118.5 
to 29 ; or in the proportion of . 0.76 

In the third &c. from 129 to 35 ; 

or &c. . 0.73 

In the fourth &c. from 108 to 40 ; 

or &c. ..••.. ^ . . 6.63 

In the seventh &c. from 98 to 43 ; 

' or&c 0.57 

In the eighth &c. from 1 10 to 43 ; 

or &c. i . . 0.6i 

In the ninth &c. from 108 to 48 ; 

^ or &c. . , 0.$6 . 
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in the tenth &c. from 1 15 te> 37 ; 

br&c. . . I . . . . . 0.68 . 



. The average oftfaesemimbers is 0.648^ 

In threeof the «™, instances he« men- 
tioneid the reduction of the sp. gr. was in 
the proportion of above -5 ; but even the 
average is very nearly as high as y; and 
when it is considered that the fermentation 
had not proceeded in any instance beyond 
the twenty-fourth,, and on the whole not 
jbeyond the sixteenth day, the. results, as 
compared with the statements just now 
made, sufficiently prove that the fermenta- 
tion of the beer here brewed produced the 
usual proportion of spirit of wine. 

A few observations have occurred on the 
nature of fermentation, during the progress 
of the experiments related in this Treatise ; 
which, though not new perhaps to those 
who have reflected scientifically on the sub-^ 
ject, may yet be acceptable to others. 

• • • • . • , * 

When 3^east is mixed with wort at a pro- 
per temperature, a ftx)th is very soon formed 
6n the surface of the liquor ; ponf isting pf 
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liumefofiK air bubbled that are contkimlljr 
ri^g from the bottom of the vessel in which 
the prbcess is carried on. At this time th6 
liquor is turbid and has scarcely any degree 
of transpapency;' but as tl^ process ad^ 
vances a gradual deposition of the opaque 
particles takes place; and the liquor be^ 
comes comparatively transparent^ and spc* 
cifically lighter : the change in the appear^ 
ance &c. is known to be accompanied with 
the production of a quantity of sphit of wine 
proportional to the quantity of saccharine 
matter originally contaiiied in the wort : and 
hence beer which has been brew6d irom 4 
great proportion of malt is not only richer in 
taste but more inebriating tlian beer ^hich 
has been brewed from a small proportion^ 
But as spirit of wine is specifically lighter 
than even distilled water, and much more so 
thereft>re than any wort, those opaque partir 
cles, which were easily suspended by the wort 
before fermentation, now readily subside in 
it ; and the beer consequently becoipes trans* 
pwent 



The transparency of beer is sometimes 
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prbmaled by means of isinglass, or similar 
substances, technieally knowii bjthenameof 
" Finings ;*' theaction of allof wliichis merely 
mechanical, and only produces transparency 
without adding in the least to the strength 
of the beer ; no injury however is done to 
the beer by this means, and in commerce the 
practice is in a great measure necessary for 
the purpose of a quick sale. . But for domes^ 
tic purposes this is scarcely of any cons^ 
quence; for, if the fermentation has been car- 
ried on properly, the beer will be in a few 
weeks as clear as is in general required, even 
though the proportion of the malt emploj^ed 
in brewing it should not have been more than 
two bushels to the barrel : the same degree 
of transparency may indeed be acquired in 
a few days by producing fermentation at a 
high temperature. The full range of tem* 
perature as applicable to the process offer- 
mentation is not any where accurately de- 
fined : it is generally however understood that 
it proceeds in a languid manner at a tem- 
perature lower than 50; and that the ra- 
pidity of it increases with increased tem- 
perature. In one instance, it commenced 
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very favourably at a temp, as high as 108 j 
and the Kquor being then exposed to a 
temp, of about 60, fermentation went on in 
the usual manner, and the beer was very 
transparent in two days. The rapidity of 
fermentation depends also in part upon the 
quantity of yeast employed *. . 

The extrication of air during the process 
of fermentation and the consequent diminu- 
tion in sp. gr. and increased transparency of 
the liquor are obvious under common cir- 
cumstances : in order to ascertain more ac- 
curately the nature of these phenomena the 
following method was employed. 

A quart bottle of perfectly transparent 
and colourless flint-glass was completely 
iiUed with some wort, to which yeast had 

m 

* Wort, Qfiless it contains a rerj small proportion of sac. 
charine matter, will ferment without the addition of any yeast. 
In one instance two quarts of yeast were added to 3f gallons 
of wort, in a'small barrel, at the temp, of 80 : fermentation 
commenced within two minutes after the addition of the yeast; 
and for half an hour a froth continued to rise from die mouth 
of the barrel as rapidly as when a bottle of fermented liquor 
•that has been kept long corked is suddenly opened. 
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\yten jt^st added; it was theb ioiiiiediat^j 
stopped with a cork, tlirough which a small 
bent glass tube had been previously passed ; 
the cork b^iiig thea cemented accurately 
witii melted wax the only communication 
between the outer air and the inside of the 
bottle was by means of the tube ; the end of 
which being immersed under water none oif 
the external air could find admjission, while 
any air tliat should be extricated from the 
liquor, as it must ultimately pass out at that 
end of the tube which was immersed 
tinder water, could easily be received in 
a vessel inverted over the aperture of the 
tube. .. 
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This description of the common pneu- 
matic apparatus is inserted for the conve* 
ftience of those who haVe not been in the 
habit of making chemical experiments; 
knd will therefore be excused by those to 
whom the apparatus itself is familiar. 

It wouW be tedious and beyond the pwft- 
pose of this treatise to detail all the minute 
circumgtauces c£ the experiments to whiob 
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tfa^ foregoing ^.ppajratbs was ^pj^ed : it is 
sufficient for the presetif to say that in that 
.. appajratiis the process of fermentation was 
repeated several times ; and the phenomena 
of the several experiments corresponded 
sufficiently closely with each other to justify : 

tfae»following general description *. I 

• ...^^.-^...^ 

consisting of the yeast and of tlie heavier 

opaque particles of the wort : iimnediately 
• after which a number of minute bubbles of 

air are disiengaged from every part of the 

surface of tKe sediment fand many of these 

carry up with themselves detached particles 

of the yeast : some of these particles sink 

again by tlieir own weight; others adhering 

to the edge of the glass remain fixed, and 
. successive •particles are gradually attached 

to them till at lei^h the whole surface of 

the Kquor is covered -f-. 

ft 

* In most of the ezperimeBts the fermentatioa was prodaced , 

. at a high temperature, and the phenomena therefore sacoeeded 

^kch other more quickly thm they would otherwise hare done. 

+ This forms what is called the <^ head" of the hew; 

which by many is' mixed again with the fermentiDg liqdor 

* • K 
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In proportion as these bubbles are dis^' 
engaged the colour of the sediment becomes: 
lighter, the change commencing at the sur- ^ 
face and penetrating ftirther as the process: 
advances; from which circumstance it ap- 
pfears evident that the production of the air 
is connected with this change int^olour : and 
from the loss of weight in the% fermenting* 
mass it is probable that this change of colour 
is attended with a loss of substaaee : the 
air extricated during fermentation is that 
which is calltfd Fixed Air, and which is: * 
knp\^h to possess' acid properties. 

' Those who are prepared to tliink sqjenli- . 
fically on the subject will perhaps be dis-. 

two or three times daring the fermentation ;'and ts this head 
consists»of those very particles from which fermentation pro- 
ceeds, the reason of this practice is apparent. It seems how- 
ever extraordinary, considering the close connexion between 
the proportion of saccharine matter, held in solution in the 
wort and of spirit of wine produced by fermentation, that 
these bubbles should not be seen originating from every part 
of -the fermenting maas. The probability is that they are 
extricated from every pari, but that from circumstances with . 
whieh wc are At present unacquainted they cannot be readily 
seei}. . 
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posed, to allow that the substance apparently 
separate from the sediment of the ferment* 
ing mass becomes one of tjie constitupnt 
partsk of the air which is at the same time 
extncated; and that, the other constituent 
part of that air, on which its acid character 
depends, has been aflforded by the decom- 
position of the water. If this supposition 
be true, tha "connexion betwgien the dimi- 
nution of the saccharine mactter and the 
presence of the spirit of wine is easily ex* 
plained.  

In three instances it was found that the 
weight of air produced .very nearly corres-* 
ponded with the loss of weight in the liquor ; 
and that at least jq of the volume of the air 
produced was of that kind called Fixed Air. 

m - ' * 

These are the principal remarks which 
have odburred on the nature of fermentation 
in the course of the foregoing experiments ; 
and the author hopes tO find opportunities 
of pursuing them further ; in which case the 
results, should they be thought of sufficient 
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conaequaioe) will be puUiidied : .but he 
rather hopes tliat otibehi who have mme lei- 
sure than himself will direct their attention 
tQW^rds the investigation of this subject, 
and throw some li^t on a branch of Che- 
mistry as yet but \&y imperfectly under-^ 
stood. 



* A 



THE END. 



£EKATA^ 

P«g, 18. 1. 3. ^r<HD the bottom, for 3600 tO 9600>d 
read 2600.5 to 2600. 

P%g* 19. I. 16. for 55.5 read 35.«5. 
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Frioted by Nathaniel BU»* Oxford. 
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